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,QWURGXFWLRQ
7KHFDOFXODWLRQRIUHDFWRUFRUHWHPSHUDWXUHVLVDGLIILFXOWSUREOHPEHFDXVHRI WKHGLIIHUHQWQXFOHDUUHDFWLRQV
WDNLQJSODFHLQWKHFRUHDQGWKHFRPSOH[SURFHVVHVE\ZKLFKKHDWLVJHQHUDWHGWUDQVSRUWHGDQGHYDFXDWHG7KH
PDMRULW\RI WKH UHDFWRUSRZHURULJLQDWHV IURPQHXWURQLQGXFHG ILVVLRQ UHDFWLRQV LQ WKH IXHODQG LVGHSRVLWHG
YHU\FORVHWRZKHUHWKHILVVLRQWDNHVSODFHYLDUDSLGORVVRINLQHWLFHQHUJ\RIWKHILVVLRQIUDJPHQWV+RZHYHU
DERXW RI WKH HQHUJ\ UHOHDVHG LQ WKH FRUH LV LQ WKH IRUPRI JDPPD UD\V DQG FDQ WUDYHO ODUJHU GLVWDQFHV
PDQ\FHQWLPHWUHVIURPWKHLQLWLDOUHDFWLRQVLWH'XULQJUHDFWRURSHUDWLRQJDPPDKHDWLQJSURFHVVHVGRPLQDWH
IRU DOO QRQILVVLOH PDWHULDOV LQ WKH UHDFWRU FRUH HJ VWUXFWXUDO PDWHULDOV FRUH VKLHOGLQJ UHDFWRU
LQVWUXPHQWDWLRQ HWF :KHQ WKH UHDFWRU LV VKXW GRZQ JDPPD KHDWLQJ LV WKH GRPLQDQW HQHUJ\ GHSRVLWLRQ
SURFHVVIRUDOOFRUHPDWHULDOVDQGWKXVWKHSUREOHPRIJDPPDKHDWLQJLVGLUHFWO\UHODWHGWRUHDFWRUVDIHW\
 &XUUHQWO\EHQFKPDUNPRGHOVRIJDPPDKHDWLQJLQUHDFWRUFRUHVXQGHUHVWLPDWHKHDWLQJHIIHFWVE\XS
WRZKHQFRPSDUHGWRH[SHULPHQWDOUHVXOWV5LPSDXOW7KLVLVPDLQO\GXHWRLQVXIILFLHQWO\DFFXUDWH
QXFOHDU GDWD DQG SRVVLEO\ DOVR GHILFLHQFLHV LQ WKH PRGHOOLQJ 7KH JDPPD UD\V RULJLQDWLQJ IURP QHXWURQ
FDSWXUHLQHODVWLFVFDWWHULQJDQGEHWDGHFD\RIWKHILVVLRQIUDJPHQWVDUHIDLUO\ZHOOXQGHUVWRRG+RZHYHUDERXW
 RI WKLV HQHUJ\ LV SURPSW JDPPD HPLVVLRQ   QV DQG KHUH WKH DYDLODEOH GDWD IRU WKHUPDO QHXWURQ
LQGXFHGILVVLRQGDWHIURPWKHHDUO\¶V9HUELQVNLHWDO3HHOOHDQG0DLHQVFKHLQ
+RZHYHUWKHVHGDWDKDYHWKHSRWHQWLDOIRULPSURYHPHQWDQGVXFKPHDVXUHPHQWVDUHDWWKHWRSRIWKHKLJK
SULRULW\QXFOHDU GDWD OLVW RI WKH1($2(&' 1($6LQFH IXWXUHJHQHUDWLRQ ,9 UHDFWRU FRQFHSWVZLOO
PRVWO\ XVH IDVW QHXWURQ VSHFWUD SURPSW JDPPD HPLVVLRQ GDWD LQ IDVW QHXWURQ LQGXFHG ILVVLRQ DUH YHU\
LPSRUWDQW+RZHYHUFXUUHQWO\YHU\OLWWOHGDWDRIWKLVNLQGH[LVWV)RUIDVWQHXWURQLQGXFHGILVVLRQWKHVSHFWUDO
VKDSHPHDQPXOWLSOLFLWLHV DQG HQHUJLHV DUH H[SHFWHG WR EH GLIIHUHQW EHFDXVH H[FLWDWLRQ HQHUJ\ DQG DQJXODU
PRPHQWXPRI WKHILVVLRQLQJFRPSRXQGQXFOHXVZLOOFKDQJHDORQJZLWK WKHUHVXOWLQJILVVLRQ\LHOGVDYHUDJH
QHXWURQHQHUJLHVDQGPXOWLSOLFLWLHV7KHUHDUHSDUWLFXODUWHFKQLFDOFKDOOHQJHVDVVRFLDWHGZLWKSURPSWJDPPD
HPLVVLRQ PHDVXUHPHQWV IRU IDVW QHXWURQ LQGXFHG ILVVLRQ )LUVWO\ ILVVLRQ FURVV VHFWLRQV DUH W\SLFDOO\ WKUHH
RUGHUVRIPDJQLWXGHORZHUWKDQWKRVHIRUWKHUPDOQHXWURQLQGXFHGILVVLRQ7RSURGXFHKLJKIOX[HVWKHWDUJHW
DQGJDPPDGHWHFWRUVQHHGWREHYHU\FORVHWRWKHQHXWURQVRXUFH+RZHYHUVLQFHFRQYHQWLRQDOTXDVLPRQR
HQHUJHWLFQHXWURQVRXUFHVHPLWQHXWURQV LVRWURSLFDOO\JDPPDGHWHFWRUVZLOO UHTXLUHKHDY\VKLHOGLQJ WRDYRLG
EHLQJEOLQGHGE\QHXWURQVIRUPWKHVRXUFHZKLFKLVRIWHQKLJKO\LPSUDFWLFDO
:LWKWKHVHFRQVWUDLQWVLQPLQGZHGHYHORSHGWKH/,&251(GLUHFWLRQDOQHXWURQVRXUFH/HERLVHWDO
:LOVRQHWDOZKLFKRYHUFRPHVWKHODVWVHYHUHFRQVWUDLQWE\XVLQJUHDFWLRQVZKLFKSURGXFHQHXWURQVLQ
LQYHUVHNLQHPDWLFVWRSURGXFHGIRFXVHGEHDPVRIQHXWURQV
7KH/,&251(QHXWURQVRXUFH
1DWXUDO FROOLPDWLRQ RI QHXWURQ EHDPV FDQ EH DFKLHYHG LI WKH QHXWURQV DUH SURGXFHG XVLQJ D UHDFWLRQ LQ
LQYHUVHNLQHPDWLFVZKHUH WKHSURMHFWLOH LVPXFKKHDYLHU WKDQ WKH WDUJHW1HXWURQSURGXFWLRQYLD WKLVPHWKRG
WKXVFRPELQHV WKHEHVW IHDWXUHVRIZKLWHQHXWURQVRXUFHV FROOLPDWHGEHDPVDQGFRQYHQWLRQDOTXDVLPRQR
HQHUJHWLFQHXWURQVRXUFHVKLJKQHXWURQIOX[HVDWVKRUWGLVWDQFHV
7KHPDLQDGYDQWDJHRILQYHUVHNLQHPDWLFVLVWKHQDWXUDOIRUZDUGFROOLPDWLRQRIWKHUHDFWLRQHMHFWLOHV7KLV
RSHQVXS WKHSRVVLELOLW\RISODFLQJJDPPDGHWHFWRUVYHU\ FORVH WR WKH VRXUFHZLWKRXW WKHPEHLQJ LUUDGLDWHG
ZLWK VRXUFH QHXWURQV ,Q DGGLWLRQ WKH ODFN RI HPLVVLRQ DWPRVW DQJOHVPHDQV WKDW WKH VRXUFH LV D YHU\ ORZ
EDFNJURXQGVRXUFH
)RUUHDFWLRQVZKLFKHMHFWQHXWURQVWKLVZLOOLQGXFHODUJHHQKDQFHPHQWVRIQHXWURQIOX[HVDWGHJUHHVLQWKH
ODERUDWRU\IUDPH7KHS/L%HQUHDFWLRQLVRQHRIWKHPRVWFRPPRQO\XVHGLQGLUHFWNLQHPDWLFVWRSURGXFH
PRQRHQHUJHWLFQHXWURQVHVSHFLDOO\EHORZ0H9+RZHYHULQLQYHUVHNLQHPDWLFVZLWKD/LEHDPDPRQR
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HQHUJHWLFQHXWURQRI0H9LVSURGXFHGDWERPEDUGLQJHQHUJLHVDWWKHUHDFWLRQWKUHVKROGRI0H97KH
UHVXOWVRIERG\UHODWLYLVWLFNLQHPDWLFVFDOFXODWLRQVDUHVKRZQRQILJXUH7KHNLQHPDWLFFXUYHVIRUDJLYHQ
ERPEDUGLQJ HQHUJ\ KDYH WZRGLVWLQFW SHDNV LQ WKH ODERUDWRU\ IUDPHFRUUHVSRQGLQJ WR IRUZDUG HPLVVLRQ DQG
EDFNZDUGHPLVVLRQRIQHXWURQV LQ WKHFHQWUHRIPDVV IUDPH7KHUHODWLYHVL]HRI WKHSULQFLSDO KLJKHQHUJ\
SHDNDQGVDWHOOLWHORZHQHUJ\SHDNLVJRYHUQHGE\WKHUHODWLYLVWLFNLQHPDWLFVRIWKHIRFXVLQJDQGWKHDQJXODU
GLVWULEXWLRQRI HPLVVLRQ LQ WKH FHQWUH RIPDVV IUDPHZKLFK FKDQJHVTXLWH GUDPDWLFDOO\ DV D IXQFWLRQRI /L
ERPEDUGLQJHQHUJ\

)LJ7KHVHULHVRINLQHPDWLFFXUYHVIRUWKHS/L%HQLQYHUVHUHDFWLRQDVDIXQFWLRQRIWKH/LERPEDUGLQJHQHUJ\7KHDQJOHRI
QHXWURQHPLVVLRQLQWKHODERUDWRU\IUDPHLVVKRZQRQWKH[D[LVZKLOHWKHHQHUJ\LVVKRZQRQWKH\D[LV&XUYHVIRU/LERPEDUGLQJ
HQHUJLHVEHWZHHQ0H9DQG0H9DUHVKRZQLQGLIIHUHQWFRORXUV
7KHJDLQIURPWKHIRFXVLQJDQGQDWXUDOFROOLPDWLRQFDQEHH[SUHVVHGLQWHUPVRIQHXWURQIOX[HQKDQFHPHQW
RYHUWKHQRQLQYHUVHUHDFWLRQ1HDUWKHWKUHVKROGWKHHQKDQFHPHQWIDFWRULVPD[LPDO!VLQFHWKHHPLWWHG
QHXWURQVPRYHZLWKWKHFHQWUHRIPDVVRIWKHV\VWHPZKLFKIROORZVWKH/LEHDPGLUHFWLRQ$VDFRQVHTXHQFH
FORVH WR WKH WKUHVKROG HQHUJ\ LW LV SRVVLEOH WR SURGXFH YHU\ QDUURZ   GHJUHHV FRQHV RI QHXWURQV:LWK
LQFUHDVLQJ /L ERPEDUGLQJ HQHUJ\ WKH FRQH EURDGHQV DQG WKH QXPEHU RI QHXWURQV LQ D JLYHQ VROLG DQJOH
GHFUHDVHVVRWKHHQKDQFHPHQWIDFWRUGURSVWRDURXQGDW0H9
+RZHYHU WKHKXJHJDLQLQLQWHQVLW\GXHWRWKHNLQHPDWLFIRFXVLQJLVRIIVHWE\FRUUHVSRQGLQJORVVHVIURP
WZRRWKHUIDFWRUV)LUVWO\WKHDYDLODEOHEHDPFXUUHQWRI/LLVPXFKORZHUWKDQWKDWDYDLODEOHIRUSURWRQVLQWKH
QRQLQYHUVHUHDFWLRQEHFDXVHRIWKHUHODWLYHGLIILFXOW\RIH[WUDFWLRQRI/LLRQVIURPWKHLRQVRXUFH6HFRQGO\
WKH HQHUJ\ ORVV RI /L DFURVV D JLYHQ WDUJHW ZLOO EH KLJKHU WKDQ WKDW IRU SURWRQV GXH WR LWV KLJKHU DWRPLF
QXPEHU

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/,&251(FRQYHUWHUGHVLJQ
7KH /,&251( QHXWURQ FRQYHUWHU VLWV LQ DQ DOXPLQLXP FKDPEHU RI GLDPHWHU DSSUR[LPDWHO\  FP ,W LV
GHVLJQHGZLWKDURWDWLQJSRO\SURS\OHQHWDUJHWZKHHORIGLDPHWHURIFP7KHURWDWLRQLVQHFHVVDU\WRLQFUHDVH
WKHLUUDGLDWHGVXUIDFHDUHDE\DIDFWRURIZLWKUHVSHFWWRDIL[HGWDUJHW3RO\SURS\OHQHLVQRWYHU\UHVLVWDQWWR
UDGLDWLRQGDPDJHDQGWKHUHIRUHWKHURWDWLQJWDUJHWSURORQJVWKHOLIHWLPHRIWKHWDUJHWE\DVLPLODUIDFWRU


)LJ7KH/,&251(QHXWURQFRQYHUWRULQVWDOOHGDWWKH7DQGHPDFFHOHUDWRURIWKH,312UVD\GXULQJFRPPLVVLRQLQJLQ-XQH
%HWZHHQRQHDQGWHQVHOIVXSSRUWLQJSRO\SURS\OHQHWDUJHWVFDQEHVWDFNHGRQWKHWDUJHWZKHHO$YHUVLRQRI
WKHWDUJHWZKHHOIRUPRUHIUDJLOHWDUJHWVKDVWKUHHVXSSRUWDUPVZKLFKDUHPDGHRIWXQJVWHQWRSUHYHQWQXFOHDU
UHDFWLRQVZLWK/LRFFXUULQJ7KHEHDPFXUUHQWDQGWLPHVWUXFWXUHFDQEHPHDVXUHGDW WKHEHDPVWRSZKLFK
FRQVLVWVRIDPJROGIRLO7KLVPHDVXUHPHQWFRXSOHGWRQHXWURQIOX[PHDVXUHPHQWLQWKHH[SHULPHQWDODUHD
FDQVHUYHDVDQRQOLQHPRQLWRULQJRIK\GURJHQFRQWHQWLQWKHWDUJHWDQGFDQLQGLFDWHWKHDSSURSULDWHWLPHWR
FKDQJHWDUJHWVEHIRUHVLJQLILFDQWTXDQWLWLHVRIK\GURJHQDUHORVW
7KHH[LWZLQGRZRIWKH/,&251(FRQYHUWRUIURQWIDFHLVPDGHRIDOXPLQLXPDQGLVRQO\PPWKLFN$
PLQL FDPHUD DQG DQ LOOXPLQDWLQJ /(' DUH LQFOXGHG IRU EHDP WXQLQJ DQG LQVSHFWLQJ WKH WDUJHWV IURP LQVLGH
ZLWKRXW KDYLQJ WR EUHDN WKH YDFXXP RI  EDU 7KH EHDP VSRW LV WXQHG E\ SODFLQJ D UHWUDFWDEOH
SKRVSKRUHVFHQW TXDUW] WDUJHW LQ WKH SDWK RI WKH EHDP WR HQVXUH WKDW WKH EHDP VSRW LV VXIILFLHQWO\ GLIIXVH
W\SLFDOO\PPGLDPHWHU7KLVHQVXUHVWKDWWKHSRZHUGHQVLW\LQWKHSRO\SURS\OHQHLVVXIILFLHQWO\ORZWRNHHS
WHPSHUDWXUH ULVHV WR RQO\ D IHZGHJUHHV VLQFH WKHSRO\SURS\OHQH LV YHU\ VHQVLWLYH WRKHDWLQJZLWK DPHOWLQJ
SRLQWRIࡈ&0DFURVFRSLFVWUXFWXUDOFKDQJHVDOPRVWFHUWDLQO\RFFXUDWORZHUWHPSHUDWXUHVDQGLWLVFXUUHQWO\
DQ RSHQ TXHVWLRQ KRZ PXFK WKH SRO\SURS\OHQH GHIRUPV DQGRU EHFRPHV WKLQQHU XQGHU D FRPELQDWLRQ RI
VXUIDFH WHQVLRQ KHDWLQJ HIIHFWV DQG UDGLDWLRQ GDPDJH:KDW LV FOHDU LV WKDW XQGHU LUUDGLDWLRQ DW WKH KLJKHVW
SULPDU\/LFXUUHQWV!Q$WKHWDUJHWVOLEHUDWHK\GURJHQIURPUDGLDWLRQGDPDJHWRWKHSRO\PHUFKDLQVDW
DVLJQLILFDQWUDWH7RPDLQWDLQWKHKLJKHVWQHXWURQIOX[HVUHTXLUHVWKDW WKHWDUJHWEHUHSODFHGRQFHHYHU\IHZ
KRXUV)LJXUHVKRZVWKHUHVXOWVRIDORQJLUUDGLDWLRQDWKLJKDYHUDJHEHDPFXUUHQWVRYHUVHYHUDOGD\V7KH
SRO\SURS\OHQHWXUQVIURPRSWLFDOO\WUDQVSDUHQWWRDQRSDTXHEURZQFRORXUSUHVXPDEO\GXHWRWKHUHPDLQLQJ
FDUERQ DIWHU VXIILFLHQW+ DWRPV KDYHEHHQ IRUPHG DQG HYDSRUDWHG7KH LUUDGLDWHGSRUWLRQRI WKH VXUIDFH LV
EULWWOH DQG WKH LQLWLDO VXUIDFH WHQVLRQ RI WKH GLVN LV ORVW FUHDWLQJ DQ RYHUDOO ZULQNOHG VXUIDFH7KH REVHUYHG
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WDUJHWGHJUDGDWLRQLV WKHFRPELQDWLRQRIUDGLDWLRQGDPDJHKHDWLQJDQGVXUIDFHWHQVLRQHIIHFWV0RUHSUHFLVH
TXDQWLILFDWLRQRIWKHVHHIIHFWVQHHGVWREHFDUULHGRXW


)LJ,PDJHRIDVWDFNRIPSRO\SURS\OHQHWDUJHWVDIWHUVHYHUDOGD\VRILUUDGLDWLRQDWKLJKEHDPFXUUHQWV
$YDLODEOHIOX[HV
7KHIOX[HVDYDLODEOHIURPWKH/,&251(VRXUFHGHSHQGSULQFLSDOO\RQWKHSULPDU\/LEHDPFXUUHQWDQGWKH
SRO\SURS\OHQHWDUJHWWKLFNQHVV7KHFXUUHQWVSXWWHUVRXUFHRIWKH,31WDQGHPFDQSURGXFHSULPDU\/LEHDP
FXUUHQWVRIXSWRQ$KRZHYHUFXUUHQWVJUHDWHUWKDQQ$PD\EHDFKLHYDEOHZLWKVRXUFHLPSURYHPHQWV
)RU WKHSXUSRVHVRI IOX[HVWLPDWLRQVZHKDYHDVVXPHGQ$RISULPDU\FXUUHQWZKLFK VKRXOGEHHDV\ WR
PDLQWDLQ RYHU ORQJ SHULRGV RI WLPH 8VLQJ D WKLQ SRO\SURS\OHQH WDUJHW DYDLODEOH IOX[HV DUH W\SLFDOO\ 
QVVWHUDGLDQFRPSDUDEOHWRFRQYHQWLRQDOLVRWURSLFQHXWURQVRXUFHVEXWZLWKWKHDGGHGFRPSOLFDWLRQRIDEL
HQHUJHWLFQHXWURQVSHFWUXP
$0RQWH&DUORFRGHKDVEHHQGHYHORSHGIRUWKHSXUSRVHRISUHGLFWLQJQHXWURQVSHFWUDDVDIXQFWLRQRI/L
ERPEDUGLQJ HQHUJ\ DW DQ\ SRLQW LQ VSDFH7KH0RQWH&DUOR FRGHZDV YDOLGDWHG E\ VLPXODWLQJ WKH GHWHFWHG
VSHFWUD LQ('(1D OLTXLGVFLQWLOODWRUGHWHFWRUSODFHGDWGLIIHUHQWDQJOHVZLWKUHVSHFW WR WKHEHDPD[LV7KH
QHXWURQDQJXODUGLVWULEXWLRQDQGVSHFWUDOVKDSHVDUHZHOOUHSURGXFHG7KLVJLYHVXVFRQILGHQFHLQWKHSUHGLFWHG
VSHFWUDOVKDSHVVHHQE\VDPSOHVDWVKRUWGLVWDQFHVDQGFRYHULQJODUJHUVROLGDQJOHV
7RREWDLQ WKHKLJKHVW QHXWURQ IOX[HVZKLOH VWLOOSUHVHUYLQJ WKHEHDPGLUHFWLRQDOLW\D WKLFNSRO\SURS\OHQH
WDUJHW FDQ EH XVHG 7KLV FUHDWHV D ZKLWH QHXWURQ VRXUFH SURGXFLQJ D QHXWURQ VSHFWUXP FRQVWUDLQHG E\ WKH
NLQHPDWLFVRIWKHUHDFWLRQWREHEHWZHHQDQG0H9DQGSHDNLQJDW0H9)RUDPWKLFNWDUJHWWKH
HQHUJ\RIWKH/LLRQVGURSVIURP0H9WR0H9GXULQJWKHLUWUDYHUVDO7KHSULQFLSDODGYDQWDJHLVWKDW
WKHUHDFWLRQUDWHLVLQFUHDVHGDQGWKHWRWDOIOX[DYDLODEOHLVWLPHVKLJKHUDSSUR[îQVVWHUDGLDQWKDQ
WKRVHREWDLQHGZLWKWKHWKLQWDUJHWV,IWKH/LEHDPLVSXOVHGWKHQWLPHRIIOLJKWFDQEHXVHGDWVKRUWGLVWDQFHV
WRGHWHUPLQHWKHQHXWURQHQHUJ\+RZHYHU WKHPD[LPXPEHDPFXUUHQWDYDLODEOHLQSXOVHGPRGHGURSVE\D
IDFWRU RI  7KH HQHUJ\ UHVROXWLRQ RI VXFK WLPHRIIOLJKW PHDVXUHPHQWV ZRXOG EH GRPLQDWHG E\ WKH
FRQWULEXWLRQRIWKHQVEHDPSXOVHZLGWKVRXSWRHQHUJ\ELQVIRUDIOLJKWGLVWDQFHRIFPVKRXOGEH
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SRVVLEOH7KHIOX[HVDYDLODEOHZLWK/,&251(DUHFRPSDUDEOHZLWKRWKHUDFFHOHUDWRUEDVHGQHXWURQVVRXUFHV
DOWKRXJK WKH QHXWURQ VSHFWUD DW WKH KLJKHVW IOX[HV KDYH D EURDG HQHUJ\ GLVWULEXWLRQ SHDNLQJ DW  0H9
+RZHYHU/,&251(KDVWKHDGGHGDGYDQWDJHVRIDQDWXUDOGLUHFWLRQDOLW\DQGDPXFKORZHUEDFNJURXQG
6SHFWURVFRS\RIIDVWQHXWURQLQGXFHGUHDFWLRQV
6LQFH/,&251(SURGXFHVQHXWURQFRQHVZLWKRSHQLQJDQJOHVRIOHVVWKDQGHJUHHVDQHQWLUHQHZFODVVRI
H[SHULPHQWV LV QRZ SRVVLEOH+LJKUHVROXWLRQ JDPPDUD\ GHWHFWRUV FDQ EH SODFHG DURXQG WKH VDPSOH WR EH
LUUDGLDWHGEXW RXWVLGH WKHQHXWURQ FRQH ,WZLOO WKXVEHSRVVLEOH WRSHUIRUPKLJKUHVROXWLRQ VSHFWURVFRS\RI
QHXWURQLQGXFHGUHDFWLRQV,QWKHILUVWFRXSOLQJRI/,&251(DQGWKH25*$0*HUPDQLXPDUUD\ZLOO
WDNHSODFH$WOHDVWWZRW\SHVRIIXWXUHH[SHULPHQWDUHSRVVLEOH

L6SHFWURVFRS\RIILVVLRQLQGXFHGE\IDVWQHXWURQVZLOODOORZWKHVWXG\RIH[RWLFILVVLRQIUDJPHQWVIURP
IHUWLOHLVRWRSHVVXFKDV8DQG7K6LQFHSXOVHGQHXWURQEHDPVDUHDYDLODEOHLQGLYLGXDOILVVLRQIUDJPHQWV
DQGWKHLUSDUWQHUVFDQEHFOHDQO\LGHQWLILHGE\WKHWLPHFRUUHODWLRQVSUHVHQWLQGHFD\RILVRPHULFVWDWHV$ILUVW
H[SHULPHQWZLOOEHSHUIRUPHGLQHDUO\WRVWXG\SURGXFWLRQRIH[RWLFQXFOHLIURPILVVLRQRIDVDPSOHRI
DURXQGJRI87KHILVVLRQUDWHVLQGXFHGVKRXOGEHPDQ\WHQVRIN+]

LL 6SHFWURVFRS\ RI IDVWQHXWURQ LQGXFHG FDSWXUH UHDFWLRQV FRXOG DOVR EH SHUIRUPHG 7KH SRVVLELOLW\ WR
GHWHFW JDPPDUD\ FDVFDGHVZKLFK VXP WR WKH QXFOHDU ELQGLQJ HQHUJ\ SOXV WKH LQFLGHQW QHXWURQ HQHUJ\ZLOO
DOORZ WKH VWXG\ RI QXFOHDU JDPPDUD\ VWUHQJWK IXQFWLRQV DQG QXFOHDU OHYHO GHQVLWLHV *DPPD UD\ VWUHQJWK
IXQFWLRQVGHVFULEHWKHZD\LQZKLFKWKHQXFOHXVDEVRUEVDQGUHHPLWVJDPPDUD\VDQGDUHNQRZQFROORTXLDOO\
DVWKH³FRORXU´RIWKHQXFOHXV:KLOHWKHJDPPDUD\FDVFDGHVXPPLQJWHFKQLTXHKDVEHHQXVHGVXFFHVVIXOO\
WR VWXG\ FDSWXUH UHDFWLRQV ZLWK WKHUPDO QHXWURQV QR H[SHULPHQWDO GDWD DUH FXUUHQWO\ DYDLODEOH IRU FDSWXUH
UHDFWLRQVZLWK IDVW QHXWURQVGXH WR WKHGLIILFXOW\RI KDYLQJKLJK IOX[HV DQGQHXWURQEHDPGLUHFWLRQDOLW\± D
SUREOHPWKDW/,&251(KDVQRZVROYHG
&RQFOXVLRQ
/,&251( LV D GHGLFDWHG IDFLOLW\ WR SURGXFH LQWHQVH QDWXUDOO\ FROOLPDWHG TXDVLPRQRHQHUJHWLF QHXWURQ
EHDPVDWWKH,312UVD\7KHNLQHPDWLFIRFXVLQJRIWKHQHXWURQDOORZVJDPPDGHWHFWRUVWREHSODFHGQHDUWKH
LUUDGLDWHVDPSOHDQGRSHQVXSDZKROHKRVWRIQHZSRVVLELOLWLHVIRUWKHVWXG\RIQHXWURQLQGXFHGUHDFWLRQVLQ
SDUWLFXODU QXFOHDU ILVVLRQ7KH VWXG\ RI JDPPDUD\V HPLWWHG LQ ILVVLRQ LV IRU ERWK IXQGDPHQWDO DQG DSSOLHG
SK\VLFV SXUSRVHV )LVVLRQ JDPPD UD\V DUH LPSRUWDQW IRU WKH JDPPDKHDWLQJ SUREOHP LQ LQQRYDWLYH QXFOHDU
UHDFWRUV'HWHFWLRQRIILVVLRQJDPPDUD\VZLWKDUUD\VRIKLJKUHVROXWLRQJHUPDQLXPGHWHFWRUVZLOODOVRDOORZ
WKHWDJJLQJDQGVWXG\RIH[RWLFQXFOHLIDUIURP7RVXPPDUL]H/,&251(LVRSHUDWLRQDOVLQFH-XQHDQG
RIIHUVVRPHLQWHUHVWLQJQHZH[SHULPHQWDOSRVVLELOLWLHV
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